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$\bullet$ $G=(P, S, \tau, N,$ ,
$P$ , $S$
$(S\in N),$ $T$ , $N$
, $
.
$\bullet$ $head_{k}(\lambda)$ $\lambda$ $k$
.
unrestricted $\mathrm{L}\mathrm{R}$
LR(O) $M=(Q, \Sigma, \Gamma, \delta, q_{0}, S’)$
, $Q$ LR(O)
, $\Sigma$ :
, $\Gamma$ , $\delta$
( $\delta$
$\delta_{s}$ $=-Z$ $\delta_{f}$ $(\delta=$
$\delta_{s}\cup\delta_{f})$ , $\delta_{s}(q, X)=\{(s_{q},’)|q,$ $q’\in$
$Q,$ $X\in T\cup N\cup\epsilon\},$ $\delta_{r}(q)=\{(R, \lambda, \mu)|q\in$
$Q,$ $\lambdaarrow\mu\in P\}$ ), $q_{0}$ ( $q_{0}\in Q$ ,
LR(O) , $S’$
.
, $G=(P, S, \tau, N,$
, $\lambdaarrow\mu_{1}\mu_{2}$ .
$[\lambdaarrow\mu_{1}\cdot\mu_{2}]$ LR(O)
$(\lambda\in(T\cup N)^{+},$ $\mu_{1},$ $\mu_{2}\in(T\cup N)^{*}$ ,
$(T\cup N)+$ $T$ $N$ 1




[ 1] $S’arrow S$ $P$ LR(O)
$[S’arrow\cdot S]$ $So\in Q$ .
[ 2] LR(O) $[\lambda arrow \mu_{1}. X\mu_{2}]$
Si $\in Q$ ,
$X\zetaarrow\eta\in P$
LR(O) $[X\zetaarrow.\eta]$ $S_{i}$
$(\lambda\in(T\cup N)^{+},$ $\mu 1,$ $\mu_{2},$ $\zeta,$ $\eta\in$
$(T\cup N)*)$ .
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[ 3] Si $\in$ $Q$ LR(O) $[\lambda$ $arrow$
$\mu_{1}\cdot X\mu_{2}]$ , $S_{j}\in Q$ LR(O)
$[\lambda arrow \mu_{1}X\cdot\mu_{2}]$ , $X$
$S_{i}$ $S_{j}$
$(\delta_{S}(s_{i}, x)$ $:=$
$\delta_{s}(S_{i}, X)\cup\{(S, S_{j})\},$ $\lambda\in(T\cup N)^{+}$ ,
$\mu_{1},$ $\mu_{2}\in(T\cup N)*)$ .
[ 4] $Si\in Q$ LR(O) $[\lambdaarrow\mu\cdot]$
, $S_{i}$ ,
$\supset_{-}-\wedge$
( $\delta_{\gamma}$ (si) $:=$ $\delta_{f}(s_{i})$ $\cup$ $\{(R, \lambda, \mu)\}$ ,




$arrow$ $\epsilon$ , $(\lambda \in (T\cup N)^{+})$
, Si $\in$ $Q$ LR(O)
$[\lambda arrow .\epsilon]$ , LR(O)
$[\lambda arrow \epsilon\cdot]$ $S_{j}$ $Q$
$(Q := Q\cup\{S_{j}\})$ , $S_{i}$ $S_{j}$
$\epsilon$
$(\delta_{s}(S_{i}, \epsilon):=\delta_{s}(s_{i}, \epsilon)\cup\{(S, s_{j})\})$ ,
$S_{i}$ $=$ $-$
$(\delta_{r}(S_{j}):=\delta_{r}(s_{j})\cup\{(R, \lambda, \mathcal{E})\})$.
, $G_{1}=\{\{1$ : $Sarrow EBE,$ $2$ :
$EAarrow EC,$ $3:EBarrow Ec,$ $4:cAarrow AAC$ ,
5 : $CEarrow AAE,$ $6$ : $Earrow\epsilon,$ $7$ : $Aarrow a$ ,
8: $Barrow a$}, $\{S,A,B,c,E\},$ $\{a\},$ $S\}$










1: $G_{1}$ LR(O) .
Fig. 1: LR(O) automaton for $G_{1}$ .
$M’=$ ( $Q’,$ $N’,$ $\delta’,$ $S_{0}’$ , Sa’cc)(
) . $Q’$ $Q$
, $N’$ LR(O) $N$
, $S_{0}’$ LR(O)
$S_{0}$ , $S_{a}’\mathrm{C}C$ LR(O)
$S_{a\text{ }\mathrm{c}}$ .
, unrestricted LR(k)
$(\pi, \alpha, \beta$ , , $\pi$
$\pi\in Q^{*},$ $\pi\neq\epsilon,$ $\alpha$ $(\alpha\in\Gamma^{*})$ ,
$\beta$ $(\beta\in\Gamma^{*}\cup\{S’\})$ .
$(\pi, \alpha, \beta$ $\vdash_{l}$
$(\pi’,$ $\alpha’$ , \beta ’$ $)$ , $0$
$(\pi, \alpha, \beta$ $\ovalbox{\tt\small REJECT}$ $(\pi^{\prime\prime\prime\prime},$$\alpha$ , \beta ’’$ $)$ .
$\pi=\pi’\{q\}$ ,
$(S, q’)\in \mathit{5}_{s}(q,X),$ $X\in T\cup N,$ $X\neq$ $-C^{\backslash }h$
$\text{ }\#\not\equiv$ ,
$(\pi, \alpha, X\beta\vdash_{\iota}(\pi\{q’\}, \alpha x,\beta$
, $\delta’(q, x)$ $:=$
$\delta’(q, x)\cup q’$ .
, $(R, \lambda, \mu X)\in\delta_{r}(q),$ $x\in T\cup N,$ $\alpha=$
$\alpha_{0’}\mathrm{r},$ $\prime \mathrm{r}_{=^{P}}\mathrm{r}_{1},$
$\ldots$ , T ,
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$(\pi, \alpha X, \beta\vdash_{\iota}(\pi_{0}, \alpha_{0}, \lambda\beta\iota\#(\pi_{1}\{q’\}, \alpha’, \beta$
, $\delta’(q, X)$ $:=$
$\delta’(q, X)\cup\{q’\}$ .
$RL(q_{i}),$ $q_{i}\in Q’$ ,








$\{w|_{2\leq j}^{q\in}s_{a}^{i}cC\in\delta’(q^{||}i’,w|w|)w-1,’\prime 2\delta’(qi,w1)\leq|w|q_{i}^{3}\in\delta’(qi.’ w2)q^{?}2i\in Q,\cdots,$ $\}$
LR(O) RS(
) .






, LR(O) $q_{i}\in Q$
$\alpha$ $q_{j}\in Q$
$\frac{\alpha_{1}}{*r}q_{j}$ , $U,$ $V$
$k$ $U\oplus_{k}V$ .
$LI\mathrm{t}_{k([\alpha}^{\nearrow}1arrow\alpha_{2}\cdot]$ , $Si)=$









(a) $Aarrow a,$ $A\in N,$ $a\in T$ ,
(b) $Aarrow\epsilon,$ $A\in N,$ $\epsilon(\text{ })$ ,
(c) $\lambdaarrow\mu,$ $\lambda,$ $\mu\in N^{+}$
3 ,
(2) $G$ LR(O) $S_{i}$
LR(O) $p_{i}\cdot$ ], $p_{i}\in P$ ,
$\bigcap_{p_{J}\in P}Rs_{\mathrm{c}}or\mathrm{e}([p_{j}\cdot], si)=\emptyset$
,
(3) $\alpha_{l}arrow\beta\in P,$ $\alpha_{i},$ $\beta\in N^{+},$ $i=1,$ $\ldots,$ $|\alpha_{i}|$
, LR(O) $[\alpha_{l}arrow.\beta]$ –
$S_{j}$ ,
$L\mathrm{A}_{k}’([\alpha_{1}arrow\cdot\alpha_{2}], S_{i})=$
$\{head_{k}(RL(s\iota)\oplus_{k}|^{S}S_{i},S_{l}\in Qi^{\frac{\alpha_{1_{1}}}{\in Q*/}s}\iota,,$ $\}$
$\alpha_{l}arrow\beta\in \mathrm{n}LKPk([\alpha_{l}arrow\cdot\beta], S_{j})=\emptyset$






$G_{1}$ ( 3 $G_{1}$ ) .
[unrestricted LR(1) $G_{1}$ ]
unrestricted LR(1) $G_{1}=\{\{1$ : $Sarrow$
$EBE,$ $2$ : $EAarrow EC,$ $3$ : $EBarrow EC,$ $4$ :
$CAarrow AAC,$ $5$ : $CEarrow AAE,$ $6$ : $Earrow\epsilon$ ,













Fig. 2: The reachablity automaton for $G_{1}$ .
, $G_{1}$ LR(O)
( 1) ,
$RS_{\text{ }r}e([EAarrow EC\cdot], S_{4})=\{S_{5}\}$
$RS_{\text{ }Te}([EBarrow EC\cdot], S_{4})=\{S_{3}\}$
$RS_{\text{ }r\mathrm{e}}([Aarrow a\cdot], S_{11})=\{S_{5}, S_{7}\}$
$RS_{\text{ }\Gamma e}([Barrow a\cdot], S_{11})=\{S_{3}\}$
.
, $\mathrm{L}\mathrm{R}$ $[EA arrow .EC]$ $[EB$ $arrow$







LR(1) . , 1,2
RS( ) $L\Lambda_{1}’$
.
1: $G_{1}$ RS( ).
Table 1: RS for $G_{1}$ .
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2: $G_{1}$ $L\mathrm{A}_{1}^{\nearrow}$ .
Table 2: Set of the lookahead $LR_{1}^{\nearrow}$ for $G_{1}$ .
$|\mu|$ $=$ $\mu$ ( , $\epsilon$
1 ), $=-$
$\pi$ $=$
$\pi’\{q_{1q},2, \ldots, qn\},$ $\pi$ $=$ $\pi_{0}\{q_{1}^{;.\prime},.., q_{m}\}\pi_{0}’$ ,
$\alpha$ $=$ . $\alpha_{0}\mathrm{r}’$ , . $\pi_{0}’$ $=$
$l$ $=$ $|\mu|$ ,
, $(R, \lambda, \mu)\in\bigcup_{j=1}^{n}\delta_{f}(q_{j})$ ,
$head_{k}(\beta\in LK_{k}([\lambdaarrow\mu\cdot], q_{i}),$ $head_{k}(\beta$
$\in\bigcup_{l=1}^{m}L\mathrm{A}_{k}\nearrow([\lambdaarrow\cdot\mu], q_{l}’)$ ,
7 unrestricted $\mathrm{L}\mathrm{R}$
unrestricted LR(k) $M$ $=$
$(Q, \Sigma, \Gamma, \delta, q_{0}, s’)$ $(Q,$ $\Sigma,$ $\Gamma,$ $\delta$ ,
$q0,$ $S’$ LR(O) , $k$
).
unrestricted LR(k)
[ $1$ ] $\sim$ [ 6] . , unre-





[ 4] ( )
$\pi$ $=$ $\pi’\{q_{1}, q_{2,\ldots,q_{n}}\}$ ,
$\alpha$ $=$ $\alpha_{0}\{X_{1,2,\ldots,n}xx\}$ , $X_{i}$ $\in$ $T\cup$
$N$ , 1 $\leq$ $i$ $\leq$ $n$ .
$\#\doteqdot,$ $\bigcup_{i=1S}^{n}\delta$ ( $qi,$ headl (\beta $)) $=\phi,$ $head_{k}(\beta\not\in$










$X=T\cup N,$ $X\neq$ $
. $\pi=$
$\pi’\{q1\cdots q_{n}\}$ , $\beta$ =X\beta ’$ .
, $(S, r_{i})\in\cup^{n}\mathit{5}(j=1Sq_{j}, x),$ $i=1,$ $\ldots,$ $m$
,
[ 5] $\epsilon$ ( )
$\pi$ $=$ $\pi’\{q_{1}, q_{2,\ldots,q_{n}}\}$ ,
$\beta=X\beta’,$ $X\in T\cup N$ .
, $\delta_{s}(q_{i}, X)=\phi,$ $\delta_{r}(q_{i})=\phi,$ $(S, r_{j})\in$
$\bigcup_{i=1}^{n}\delta_{S}(q_{i}, \epsilon),$ $1\leq j\leq m$ ,
$(\pi, \alpha, \beta$
$\vdash_{l}$ $(\pi\{r_{1}, \Gamma_{2}, \ldots, r_{m}\}, \alpha\{\epsilon, \ldots, \mathcal{E}\}, \beta$
$(\pi, \alpha, \beta$
$\vdash_{l}$ $(\pi\{r_{1}, \ldots, r_{m}\}, \alpha\{X, \ldots, X\}, \beta’$
.




$\in$ $P$ , $\mu$ $=$ $\mu_{1}$ , . . ., $\mu|\mu|$ ,
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[ 6Stop]
$\pi$ $=$ {So}, $\alpha$ $=$ $\epsilon$ ,
$\beta$ =S’$ , unrestricted LR(k)
. ,








Table 3: An example of unrestricted
LR parser for input $I=a$
on $G_{1}$ .
, [ $1$ ] $\sim$ [ 6]
.
$\bullet$ [ 1]
( $\{s_{\mathit{0}}\},$ $\epsilon$ , a$) .
$\bullet$ Step 1 , $\mathit{5}_{r}(q_{i})=\emptyset,$ $(S, S_{8})\in$
$\delta_{s}(S_{0}, \epsilon)$ , [ 5]
.
( $\{s_{0}\},$ $\epsilon$ , a$)
$\vdash_{l}$ ( $\{S\mathrm{o}\}\{s_{8}\},$ $\{\epsilon\}$ , a$)
$\bullet$ Step 2 , $\delta(S_{8}, a)=\emptyset,$ $head_{1}(a=$




( $\{S_{0}\}\{S_{8}\},$ $\{\epsilon\}$ , a$)
$\vdash_{l}$
$(\{s_{\mathit{0}}\}\{s8, S_{1}, S_{2}\}, \{\mathcal{E}\}, a$
$\bullet$ Step 3 , $\delta(S_{8}, a)=\emptyset,$ $\delta(s1, a)=\emptyset$,
$\delta(S_{2}, a)=\{S_{11}\}$ , [ 2]
( $S_{11}$
, a ).
( $\{s_{0\}\{S_{2}\},\{\}}s8,$$S1,\epsilon$ , a$)
$\vdash_{l}$ $(\{S_{0}\}\{s8, S1, s2\}\{S11\}, \{\epsilon\}\{a\},$
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$\bullet$ Step 7
$(\{s_{\mathit{0}\{}s_{8}, s_{1}, S2\}\{S_{11}, s_{3}, S5, s_{7}\}$ ,
$\{\epsilon\}\{a\}$ , E$)
.
$\delta_{r}(S_{11})$ $=$ $\{(R, A, a), (R, B, a)\}$ ,
$head_{k}(E\in LK_{k}([Barrow a\cdot], S_{11})=$
$\{E\}$ , $head_{k}(E$ $\in$ $LK_{k}([B$ $arrow$
$.a],$ $S_{8})=\{E\}$ , [ 3]
. , unrestricted LK(k)
$head_{k}(E\in LI\mathrm{t}_{k}’([Barrow$




$(\{S_{0}\{s_{8}, S1, S_{2}\}\{s11, S3, S_{5}, s_{7}\}$ ,
$\{\epsilon\}\{a\}$ , E$)
$\vdash_{l}$ ( $\{s_{\mathit{0}}\}\{S_{8},$ $S_{1},$ $s_{2}\},$ $\{\epsilon\}$ , BE$)
$\bullet$ Step 15
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